pleomorphic and required at least 2.5 M NaCl but not MgCl 2 for growth. Optimal growth was achieved at 4.0 M NaCl and 0.3 M MgCl 2 . The optimum pH and temperature for growth were pH 7.0 and 45 8C, while it was able to grow over a pH range of 6.5-8.0 and a temperature range of 25-50 8C. Analysis of 16S rRNA gene sequences revealed that strain DA50
T is a member of the family Halobacteriaceae, showing a low level of similarity with other members of this family. Highest similarities, 94.4, 94.0 and 93.9 %, were obtained with the 16S rRNA gene sequences of the type strains of Natrialba aegyptia, Halobiforma lacisalsi and Halovivax asiaticus, respectively. Polar lipid analyses revealed that strain DA50 T contains phosphatidylglycerol and phosphatidylglycerol phosphate methyl ester. Four unidentified glycolipids and two minor phospholipids were also observed. The only quinone present was MK-8(II-H 2 ). The G+C content of its DNA was 62.3 mol%. On the basis of the data obtained, the new isolate could not be classified in any recognized genus. Strain DA50 T is thus considered to represent a novel species of a new genus within the family Halobacteriaceae, order Halobacteriales, for which the name Halovarius luteus gen. nov., sp. nov. is proposed. The type strain of Halovarius luteus is DA50 T (5IBRC-M 10912 T 5CECT 8510 T ).
Hypersaline lakes, which their salinity ranges at or near saturation, are distributed worldwide. These environments fall into two categories according to their origin: thalassohaline and athalassohaline. Thalassohaline lakes are those that originate by evaporation of seawater and having an ionic composition reflecting that of seawater, with Na + as the dominant cation and Cl 2 as the dominant anion. By contrast, athalassohaline environments are natural brines in which ionic compositions differ from seawater and bivalent ions such as calcium, magnesium and sulfate are dominant (Oren, 2002) . Urmia salt lake is located in north-west Iran, and the predominance of Na + and Cl 2 ions illustrates its thalassohaline character (Abbaspour & Nazaridoust, 2007) .
Here we describe a halophilic archaeal strain, designated DA50 T , which was isolated from a brine sample of this hypersaline lake. Preliminary 16S rRNA gene sequence comparisons indicated that the isolate was a member of the family Halobacteriaceae. The aim of the present work was to determine the exact taxonomic position of the novel strain by following the minimal standards recommended by Oren et al. (1997) for describing novel taxa of the order Halobacteriales. These results indicate that strain DA50 T should be placed in a new genus as a representative of a novel species.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA and rpoB' gene sequences of strain DA50
T are KM596804 and KM596806, respectively.
Sampling was carried out in November 2011 from Urmia salt lake (378 329 N 458 439 E). The pH value of the lake is neutral (about pH 7.0) and its salinity reaches saturation. For isolation, modified growth medium with 23 % total salt concentration (MGM) was used (Dyall-Smith, 2009 (Merck) . Agar at 1.5 % (w/v) was used for solidified media if necessary. The pH of the medium was adjusted to 7.2-7.4 with 2 M Tris-base (Merck). Samples were cultured in MGM solid medium after preparing the appropriate dilutions at the laboratory. Inoculated plates were incubated at 40 8C up to 2 months. After successive cultivation, a pure isolate designated strain DA50
T was obtained. Characterization of this strain was achieved by using a polyphasic taxonomic approach that combined phenotypic, chemotaxonomic, phylogenetic and genotypic analyses. Halovivax asiaticus CECT 7098
T and Natrialba asiatica IBRC-M 10341 T were used as reference strains for positive and negative testing and for comparison with isolate DA50
T .
The genomic DNA of the novel isolate was extracted as described by Dyall-Smith (2009) for haloarchaea and the 16S rRNA gene was amplified using archaeal universal primers 21F (59-TTCCGGTTGATCCYGCCGGA-39) (DeLong, 1992) and 1492R (59-GGTTACCTTGTTACGACTT-39) (Lane et al., 1985) . The PCR conditions were as follows: 94 8C for 2 min, followed by 30 cycles of 94 8C for 15 s, 51 8C for 30 s and 72 8C for 60 s, with a final 7 min extension at 72 8C. PCR products were purified with a Roche DNA purification kit, according to the manufacturer's protocol. Ligation of the PCR products with the pGEM-T vector, transformation of Escherichia coli DH5a and selection of the transformants were carried out with the pGEM-T TA cloning kit (Promega), according to the manufacturer's protocol. Several clones were randomly picked and sequencing was conducted on an ABI 3730XL DNA sequencer at Macrogen, to determine whether the strain possessed multiple distinct 16S rRNA gene sequences. Amplification and sequencing of the rpoB9 gene was performed as described by Minegishi et al. (2010) . Phylogenetic analysis was performed using the software package MEGA version 6 (Tamura et al., 2013) after obtaining multiple alignments of data available from public databases by CLUSTAL X (Thompson et al., 1997) . Clustering was performed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1985) and minimumevolution (Rzhetsky & Nei, 1992) methods. Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 1000 resamplings (Felsenstein, 1985) .
Ten almost-complete 16S rRNA gene sequences (1441 nt, each) of strain DA50 T were obtained. Sequence comparisons indicated that this strain has one kind of 16S rRNA gene sequence. 16S rRNA gene sequencing showed that strain DA50
T is a member of the family Halobacteriaceae; however, low levels of similarity were found to the type strains of other members of this family. The most closely related haloarchaeal taxa were Natrialba aegyptia 40 T (94.4 % 16S rRNA gene sequence similarity), Halobiforma lacisalsi AJ5 T (94.0 %), Halovivax asiaticus EJ-46 T (93.9 %) and Halopiger xanaduensis SH-6 T (93.8 %); levels of similarity with the type strains of the type species of these four genera were 93.9, 93.7, 93.9 and 93.8 %, respectively. Phylogenetic analysis using the neighbourjoining algorithm revealed that the strain clustered in a separate clade (Fig. 1a) . The phylogenetic position was also confirmed in trees generated using the minimum-evolution and maximum-likelihood algorithms (Figs S1 and S2, available in the online Supplementary Material). The rpoB9 gene of strain DA50
T was sequenced and found to be 1830 bp in length. Phylogenetic tree reconstruction using the neighbour-joining algorithm based on this sequence supported that strain DA50
T clustered as a separate clade within the family Halobacteriaceae (Fig. 1b) .
Cell morphology and motility were examined using an Olympus BX41 microscope equipped with phase-contrast optics. For photography, drops of exponentially growing liquid cultures were used directly without fixation. Colony morphology was observed on agar medium under optimal growth conditions after incubation at 40 8C for 14 days. The Gram reaction was determined following the method outlined by Dussault (1955) . Cells of strain DA50
T were motile and pleomorphic from small rods to triangular or disc-shaped with a width of 0.8-1.0 mm and length of 1.0-1.2 mm (Fig. S3) . They stained Gram-negative. When grown for 14 days at 40 8C on MGM medium, colonies were circular, entire, smooth, 1.0-2.0 mm in diameter and orange-pigmented.
Physiological tests were conducted using liquid or solid (1.5 % agar) MGM medium as mentioned above, unless stated otherwise. Liquid cultures were incubated at 40 8C on a shaking incubator at 200 r.p.m. Growth rates were determined by monitoring the increase in OD 600 . Growth temperature range was examined in liquid MGM medium at 20-60 8C at 5 8C intervals. For growth experiments at different pH values, a range of pH 5.0-9.0 was tested; the buffers MES (pH 5-6.5), HEPES (pH 7-8) and CHES (pH 8.5-9) were added at a concentration of 50 mM. The requirements for NaCl and MgCl 2 for growth were determined in media containing 0-5 M NaCl (0.5 M increments) or 0-1 M MgCl 2 (0.05 M increments), respectively.
Strain DA50
T grew at 25-50 8C (optimum 45 8C) and pH 6.5-8.0 (optimum pH 7.0). Routine cultivation was conducted at 45 8C and pH 7.0. Strain DA50 T was capable of growing over a range of NaCl concentrations from 2.5 M (15 %) to 5 M (30 %). It grew optimally in the presence of 4.0 M (23 %) NaCl. MgCl 2 was not required for growth, but optimal growth occurred with 0.3 M MgCl 2 . Cell lysis was prevented in the presence of at least 5 % salt concentration.
Acid production from substrates was tested in unbuffered MGM medium and was determined by measuring the initial and final pH of the medium. The culture was considered positive for acid production if the pH decreased by at least 1 unit. To test for carbon source utilization, peptone was omitted from MGM medium and yeast extract concentration was reduced to 0.1 g l 21 (Oren et al.,
1997). The ability of strain DA50 T to grow anaerobically in the presence of DMSO (5.0 g l
21
) and to ferment arginine (5.0 g l 21 ) was tested in MGM medium prepared anaerobically in serum tubes according to the procedures described by Bryant (1972) and Balch & Wolfe (1976) . Growth and gas formation with nitrate as electron acceptor were tested in 10 ml stoppered tubes, completely filled with
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Methanospirillum hungatei JF-1 T (CP000254) liquid growth medium to which NaNO 3 (5 g l 21 ) had been added, and containing an inverted Durham tube (Oren et al., 1997) . Tween hydrolysis activity was detected as described by Gutiérrez & González (1972) . Casein, gelatin and starch hydrolysis were determined as described by Oren et al. (1997) . Tests for catalase and oxidase activities were performed as described by González et al. (1978) . Production of H 2 S was tested by growing strain DA50 T in MGM liquid medium supplemented with 0.5 % (w/v) Na 2 S 2 O 3 (Oren et al., 1997) . Tryptone water medium supplemented with 23 % total salts was used for detection of indole production (Smibert & Krieg, 1994) . Susceptibility to antimicrobial compounds was determined by the disc diffusion method after spreading the strain on solid MGM medium (Oren et al., 1997) . 
Strain DA50
T was susceptible to the following antimicrobial compounds (per disc): anisomycin (35 mg), bacitracin (10 U), novobiocin (5 mg) and rifampicin (30 mg), but resistant to amoxicillin (25 mg), ampicillin (10 mg), cephalotin (30 mg), carbenicillin (100 mg), chloramphenicol (30 mg), erythromycin (5 mg), gentamicin (10 mg), kanamycin (5 mg), nalidixic acid (30 mg), penicillin G (10 U), polymyxin B (100 U), streptomycin (10 mg), tetracycline (30 mg) and tobramycin (10 mg). The detailed physiological and biochemical characteristics of strain DA50 T are listed in Table 1 and in the genus and species descriptions.
For determination of DNA base composition, DNA was isolated using a French pressure cell (Thermo Spectronic) and was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . The DNA G+C content was determined by the HPLC method (Mesbah et al., 1989) . The DNA G+C content of strain DA50 T was 62.3 mol%, which is within the range described for the family Halobacteriaceae (Grant et al., 2001 ).
Cell biomass for polar lipid and quinone analyses was obtained by cultivation in MGM broth at 150 r.p.m. and 45 8C. Cells were harvested in the mid-exponential growth phase. Polar lipids were separated by twodimensional silica gel TLC. Methods, including solvents in each direction and detection reagents, were as described by Hezayen et al. (2001) . The polar lipids of the novel isolate were phosphatidylglycerol and phosphatidylglycerol phosphate methyl ester. Four undetermined glycolipids and two minor phospholipids were also observed (Fig.  S4) . Respiratory lipoquinones were determined as described by Wainø et al. (2000) . MK-8(II-H 2 ) was the only respiratory lipoquinone present.
In conclusion, the morphological and physiological properties of the new isolate and the low levels of 16S rRNA gene sequence similarity with other genera within the family Halobacteriaceae suggest that strain DA50
T represents a novel species of a new genus within the family Halobacteriaceae, for which the name Halovarius luteus gen. nov., sp. nov. is proposed.
Description of Halovarius gen. nov.
Halovarius (Ha.lo.va9ri.us. Gr. n. halo salt; L. masc. adj. varius variable; N.L. masc. n. Halovarius variably shaped halophile).
Cells are motile and pleomorphic, from small rods to triangular or disc-shaped. Stains Gram-negative. Strictly aerobic; oxygen is used as the terminal electron acceptor. Growth occurs at pH 6.5-8.0, at 25-50 uC and with 2.5-5.0 M (15-30 %) NaCl. MgCl 2 is not necessary for growth. Optimal growth occurs at pH 7.0, at 45 uC, with 4.0 M (23 %) NaCl and with 0.3 M MgCl 2 . Extremely halophilic. Polar lipids include phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, four unidentified glycolipids and two minor phospholipids. MK-8(II-H 2 ) is the only respiratory lipoquinone present.
Phylogenetically affiliated with the family Halobacteriaceae, related to the genera Natrialba, Halobiforma and Halovivax. The type species is Halovarius luteus. Recommended three-letter abbreviation: Hvr.
Description of Halovarius luteus sp. nov.
Halovarius luteus (lu9te.us. L. masc. adj. luteus orange, referring to the orange pigmentation of colonies of the type strain).
Exhibits the following properties in addition to those given in the genus description. Cells are 0.8-1.0|1.0-1.2 mm in size when grown in MGM liquid medium under optimum conditions. Colonies are small (about 1.0-2.0 mm in diameter) and orange-pigmented. Cells lyse in water. Catalase-and oxidase-positive. Nitrate is reduced to nitrite without gas formation. Gelatin is hydrolysed whereas aesculin, casein, DNA, The type strain, DA50
T (5IBRC-M 10912 T 5CECT 8510 T ), was isolated from Urmia salt lake, Iran. The DNA G+C content of the type strain is 62.3 mol% (as determined by HPLC). T and closely related genera within the order Halobacteriales Taxa: 1, strain DA50 T ; 2, Halovivax; 3, Natrialba; 4, Halopiger; 5, Halobiforma; 6, Halobacterium. Data are from this study and for the type species of Halovivax (Castillo et al., 2006) , Natrialba (Kamekura & Dyall-Smith 1995) , Halopiger (Gutiérrez et al., 2007) , Halobiforma (Hezayen et al., 2002) and Halobacterium (Grant et al., 2001) .+, Positive; 2, negative. 
